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(54) {Method of and apparatus for removing a metallic erosion shield from attachment to a 
helicopter rotor blade 



(57) A method of removing a metallic erosion shield 
(18) secured by a layer of non-metallic adhesive to a 
leading edge structure of a helicopter rotor blade (10) 
characterised in that the method comprises the step of 
providing an electric field between the erosion shield 



(18) and an electrode (34), in the presence of an elec- 
trolyte between the erosion shield (18) and the elec- 
trode (34) whereby the erosion shield is removed by an 
electrochemical process. 
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Description 

Description of invention 

This invention relates to a method of and apparatus s 
for removing a metallic erosion shield from attachment 
to a helicopter rotor blade. 

A helicopter rotor blade whether made of composite 
and/or metallic material, is conventionally provided with 
an erosion shield which extends around the leading 
edge of the blade throughout at least part of a blade 
span, to protect the blade leading edge structure from 
erosion in use. as the blade moves through the air. Such 
erosion shields are made of titanium or like metallic 
material, and are usually attached to the composite 
blade by means of a layer of adhesive. 

Such erosion shields tend to wear out and require 
replacement during the life of the blade. It is thus neces- 
sary to remove a worn out erosion shield in order to 
replace it. The conventional method of removing a worn 
shield is to split the shield along the leading edge of the 
blade and literally wind back the two portions from the 
split line, using a manual and skilful technique. 

According to a first aspect of the invention we pro- 
vide a method of removing a metallic erosion shield 
secured by a layer of non-metallic adhesive to a leading 
edge structure of a helicopter rotor blade characterised 
in that the method comprises the step of providing an 
electric field between the erosion shield and an elec- 
trode, in the presence of an electrolyte between the ero- 
sion shield and the electrode whereby the erosion 
shield is removed by an electrochemical process. 

By utilising such a method, an erosion shield can be 
removed from the surface of a helicopter rotor blade 
without any risk of damage to the underlying structure 
because the process is essentially self controlling, in 
that when the electrochemical process reaches the 
adhesive layer, the process naturally ceases due to the 
adhesive being inert to the electrolyte. This will be so 
even where the underlying structure is metallic in nature 
because the adhesive layer will cover and thus protect 
such metallic underlying structure from the electro- 
chemical process. 

Of course, the adhesive layer can subsequently be 
removed using a suitable solvent to which the underly- 
ing structure is inert. 

Whereas it is usual in performing any electrochem- 
ical treatment on a component for that component to be 
immersed in the electrolyte, in the case of a helicopter 
rotor blade this is likely to be impractical. Hence prefer- 
ably in perfornr^nce of the method, the electrode is 
moved relative to the blade such that erosion shield is 
removed from the blade over a part of the blade larger 
than the relevant dimension of the electrode. For exam- 
ples the electrode may be moved spanwise along the 
blade and usually, because in the case of a helicopter 
main sustaining rotor, the blade twists about a feather- 
ing axis, around the blade span axis too. 
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In one arangement the electrode may be moved 
continuously in use in which case it may be necessary 
for electrolyte to be supplied between the electrode and 
the erosion shield as the electrode moves. 

However if desired the electrode may be moved rel- 
ative to the blade in stages such that the erosion shield 
is removed at a first discrete position and subsequently 
at a second discrete position. 

Because the erosion shield tends to wear more 
quickly along a radially outer part of the blade than an 
inner part of the blade because of the greater rotational 
speed, it is possible in performing the present invention 
selectively to remove a part of the erosion shield along 
the blade span so that a part only of the erosion shield 
may be replaced.. 

According to a second aspect of the invention we 
provide an apparatus for performing the method of the 
first aspect of the invention characterised in that means 
are provided to move the electrode relative to the blade 
at least spanwise along the blade. 

The means by which the electrode is moveable rel- 
ative to the blade, may be adapted in addition, to move 
the electrode about the blade span axis, particularly but 
not exclusively where the erosion shield is provided 
along a leading edge of the blade. 

The electrode may be shaped to conform generally 
to the leading edge of the blade but may still be move- 
able about the blade span axis. 

The invention will now be described with reference 
to the accompanying drawings in which: 

FIGURE 1 is an illustrative sectional view through a 
helicopter blade on which the method of the inven- 
tion may be performed; 

FIGURE 2 is a side diagrammatic view of an appa- 
ratus for use in performing the method of the inven- 
-tion; 

FIGURE 3 is a sectional view of the apparatus of 
figure 2 on the line A-A; 

FIGURE 4 is an illustrative view of an electrochem- 
ical machining apparatus. 

FIGURE 5 is a view similar to Figure 3 but showing 
an alternative apparatus for use of performing the 
method of the invention. 

Refening to Figure 1 of the drawings there is shown 
a helicopter blade 10 being an aerofoil comprising a 
leading edge 11 and a trailing edge 12. The blade 10 
comprises a body 13 made of non-metallic materials. 
The body 1 3 has in this example a leading edge spar 1 4 
comprising composite material, with a foamed filler 15. 
Around a part of the leading edge spar 14 and through- 
out at least part of the span of the blade there is pro- 
vided a heater mat 16 which in use. is energised to 
prevent icing of the blade 10. and adhered to the heater 
mat 16 is an erosion shield 18 which typically is made of 
titanium or another metallic material. The heater mat 16 
is covered with a thin layer of adhesive typically of 
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0.010" thickness (0,025cm) which is shown in the draw- 
ings at 19. which thus bonds the erosion shield 18 to the 
underlying structure of the heater mat 16 and the com- 
posite material of the leading edge spar 14. 

A trailing portion 20 of the blade body 1 3 comprises 5 
a honeycomb structure 21 , with a covering of trailing 
edge skin 22. 

Referring now also to Figures 2 and 4, when it is 
desired to remove the erosion shiekl 18. in the method 
In accordance with the invention, the blade 10 is placed io 
in a jig 25 of an electrochemical machining apparatus 
26 comprising a base 27 having a plurality of blade sup- 
ports 28. The apparatus 26 includes a gantry 30 which 
is movable along the span of the blade 10. The gantry 
30 rides along a track surface 31 of the base 27 on a is 
wheeled structure 33 and carries an electrode 34 which 
is connected electrically via a conductor 35. to the neg- 
ative pole of a power supply 36 and may be made of e.g. 
copper or any other suitable conducting material. The 
gantry 30 is an'anged so that during such movement of 20 
the gantry 30, the spacing between the electrode 34 
and the erosion shield 18 remains constant. 

Also, the electrode 34 is movable laterally of the 
span of the blade 10. on an arcuate track 37. around the 
span axis A of the blade 10, so that the electrode 34 25 
may be moved around the leading edge 1 1 of the blade 
10. again at a predetermined constant spacing from the 
erosion shield 18. 

The titanium erosion shield 18 is connected via a 
conductor 38 to the positive pole of the power supply 36 30 
so that there is an electric field between the electrode 
34 and the erosion shield 18. An electrolyte is fed from 
an electrolyte supply 39 under pressure into a space S 
between the electrode 34 and the erosion shield 18 , for 
example through holes in the electrode 34, and thus the 3S 
erosion shield 18 will be electrochemically removed. 
The gantry 30 typically is moved from one, outer, end 40 
of the blade 10 towards the other to remove any desired 
extent of the erosion shield 18, and such movement 
may be accomplished either in stages such that the ero- 40 
sion shieM 18 is removed at a first disaete position and 
subsequently at a second discrete position, or continu- 
ously as desired. 

Also, the electrode 34 is moved about the span axis 
A either in stages or continuously, so that the erosion 45 
shield 18 around the entire leading edge 1 1 of the blade 
10 may be removed. Thus by virtue of the electrode 34 
being movable relative to the erosion shiekJ 18, it will be 
appreciated that the electrode 34 may be used to 
remove erosion shield over an area greater than the rel- so 
evant areal extent of the electrode 34. 

The electrochemical process will not remove the 
non*metallic layer of adhesive 19 because it is inert to 
the electrolyte thereby effectively providing a barrier 
against further action by the electrochemical process so ss 
as to facilitate removal of the metallic erosion shield 18 
without risk of damaging the underlying heater mat 16. 
The layer of adhesive may subsequently be renrraved 



using a suitable solvent, without risk of damaging the 
heater mat 16 or any other part of the structure underly- 
ing the erosion shield 10.. 

It will be appreciated that in perfornnance of the 
method of the invention utilizing an electrochemical 
machining method, the electrode 34 does not actually 
contact the erosion shield 18, and so there is no friction 
or wear, and little heat is generated with little risk of 
sparking. 

Preferably as an added safeguard in the described 
embodiment, the electrolyte may be of any suitable kind 
which is also chemically inert to the composite material 
of the blade 10 and particularly to the composite mate- 
rial surrounding the heater maX 16 thereby reinforcing 
the inert t^an^ier provided by the adhesive layer 1 9. Pref- 
erably the electrolyte is selected to avoid unwanted plat- 
ing of the electrode. 

Various modifications may be made without depart- 
ing from the scope of the invention. 

For example, instead of the electrode 34 being 
movable around the leading edge 1 1 of the blade 10 so 
that the erosion shield 18 may be removed around all or 
substantially all of the leading edge spar 14, the elec- 
trode 34 may be specially shaped to conform generally 
to the shape of the leading edge 1 1 of the blade 10 as 
described with reference to Figure 5 below. Thus the 
arcuate track 37 may not be required although in the 
case of a main sustaining helicopter rotor blade which 
twists about a feathering axis, means would need to be 
provided to enable the electrode to move about at least 
the feathering axis to accommodate such twists. 
Instead of an actuator 31 to move the gantry 30 along 
the blade 10. for example as described below and 
shown in Figure 5 any other desired drive means, such 
as a motor/ gear/ belt drive may be employed. 

If desired, instead of feeding electrolyte into the 
space S between the electrode 34 and the erosion 
shield 18. the blade 10 may be immersed in a bath of 
electrolyte, at least to an extent that the erosion shieki 
or part thereof it is desired to remove, is immersed in 
electrolyte. 

Although in the method described the helicopter 
rotor blade 10 has been described as being made of 
non-metallic composite material, the invention could be 
used to remove a metallic erosion shield from a metallic 
blade or a metallic/composite rotor blade, if desired, 
although careful control of the electrochemical machin- 
ing technique would be required to ensure avoidance of 
damage to the underlying structure of the blade. 

However the layer of inert adhesive below the ero- 
sion shield woukl of course protect the underlying 
metallic structure. 

The invention is of course not only applicable where 
there is a heater mat on the surface of the blade. 

Refening now to Figure 5, there is shown an alter- 
native apparatus for performing the invention in which 
similar parts to the apparatus shown in Figures 2 to 4 
are indicated by the same reference numerals with a 
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prime sign added. 

In this arrangement, the electrode 34* is shaped 
generally to conform to the shape of the leading edge 
structure 11' of the helicopter rotor blade 10*. In this 
example, the helicopter rotor blade 10' is a main sus- s 
taining rotor for a helicopter which In use, Is moved 
about a feathering axis which is indicated in the drawing 
atR 

A metallic erosion shield 18*. is removed as the 
shaped electrode 34* Is moved along the span of the io 
blade 10'. To accommodate any twist of the blade 10' 
about the feathering axis F, the electrode 34' is carried 
on an arcuate track 37a* although any other means for 
allowing the shaped electrode 34' to move around the 
blade span axis to accommodate the twist of the blade, is 
could alternatively be provided. 

Otherwise the method candied out using the appara- 
tus shown in Figure 5 is essentially the same as the 
method described with reference to Figures 2 to 4. 

The features disclosed in the foregoing description, 20 
or the following claims, or the accompanying drawings, 
expressed in their specific forms or in terms of a means 
for performing the disclosed function, or a method or 
process for attaining the disclosed result, as appropri- 
ate, may, separately or in any combination of such fea- 25 
tures, be utilised for realising the invention in diverse 
forms thereof. 
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6. A method according to claim 5 characterised in that 
electrolyte is supplied between the electrode (34) 
and the erosion shield (18) as the electrode (34) 
moves. 

7. A method according to claim 5 characterised in that 
the blade (10) is immersed in the electrolyte to an 
extent sufficient that the erosion shield (18) is 
Immersed in the electrolyte. 

8. A method according to claim 3 characterised in that 
the electrode (34) is moved relative to the blade 
(10) in stages such that the erosion shield (18) is 
removed at a first discrete position and subse- 
quently at a second discrete position. 

9. A method according to any one of claims 4 to 7 
characterised in that the electrode (34) is moved 
spanwise of the blade (10). 

10. A method according to anyone of claims 1 to 9 
characterised in that the electrode (34) is shaped to 
conform generally to the leading edge of the blade. 

11. A method according to any one of the preceding 
claims characterised in that the electrode (18) is 
moveable about a blade span axis 
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1 . A method of removing a metallic erosion shield (1 8) 
secured by a layer of non-metallic adhesive to a 
leading edge structure of a helicopter rotor blade 
(10) characterised in that the method comprises the 
step of providing an electric field between the ero- 35 
sion shield (18) and an electrode (34). in the pres- 
ence of an electrolyte between the erosion shield 
(18) and the electrode (34) whereby the erosion 
shield is removed by an electrochemical process. 

40 

2. A method according to claim 1 characterised in that 
the process is self controlling in that when the proc- 
ess reaches the adhesive layer, the process natu- 
rally ceases. 

45 

3. A method according to daim 1 or daim 2 character- 
ised in that the helicopter blade is made of a non- 
metallic material. 



12. An apparatus for performing the method of any one 
of the preceding daims characterised In that means 
(31)are provided to move the electrode (34) relative 
to the blade (10) at least spanwise along the blade 
(10). 

13. An apparatus according to claim 10 characterised 
in that the means by which the electrode (34) is 
moveable relative to the blade (10), are adapted to 
move the electrode (34) about the blade span axis 
(A). 

14. An apparatus according to claim 10 or daim 11 
characterised in that the erosion shield (18) is pro- 
vided along a leading edge (11) of the blade (10) 
and the electrode (34) is shaped to conform gener- 
ally to the leading edge (1 1) of the blade (10). 



4. A method according to daim 1 or daim 2 character- so 
ised in that in performance of the method, the elec- 
trode (34) is moved relative to the blade (10) such 
that erosion shield (18) is removed from the blade 
(10) over a part of the blade (10) larger than the rel- 
evant dimension of the electrode (34). ss 

5. A method according to daim 4 characterised in that 
the electrode (34) is moved continuously in use. 
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